Range of Validity of Static Potential Approximation in Low-Energy Electron
A renewed interest in low-energy electron scattering has become evident in the past few years. One of the problems under discussion is: In which energy range can those theories 1-3 be regarded reliable which make the simplifying assumption that scattering takes place in the static (relativistic Hartree) potential of the atom.
SCHONFELDER 4 had claimed that for mercury this approximation is no longer valid for energies below 500 eV. The present authors 5 -6 showed, however, that this limit is too high, since between 500 and 100 eV there is very good agreement between theoretical predictions and experimental results. The differential cross sections communicated in the present paper display the transition from the energy range where the theories still hold to the energy range where they break down.
The experimental procedure for obtaining these cross sections has been described earlier 6 -7 and can be summarized as follows: An electron beam crosses a mercury atomic beam by which some of the electrons are scattered. The density of the atomic beam is made low enough so that single scattering is ensured 7 . By rotating the electron gun, the scattering angle is varied continuously. The angular resolution for the present measurement is about ±2°. The scattered beam first passes through an energy filter lens which removes inelastically scattered electrons. Then the beam enters a Faraday cup and, after amplification, the intensity / versus scattering angle 0 is recorded by an XY-recorder.
From these measurements the relative cross sections do/dO were obtained by multiplying the scattered intensity I by sin 0, since the effective path length of the electrons in the scattering chamber is proportional to (sin©) -1 in the angular range considered here. For comparison with theory, the ordinate of each experimental curve was normalized to the corresponding theoretical one in one point (maximum) which is marked by a small circle. Fig. 1 gives the results. The theoretical data have been obtained by COULTHARD and WALKER (private communication) by the partial wave method using the relativistic Hartree potential for mercury. One can see that only at energies lower than about 70 eV, the discrepancies begin to become significant. There the angular shift between theoretical and experimental curves, which has been found earlier 8 also at higher energies, increases rapidly, and even the shapes of the two kinds of curves begin to differ from each other. At the lowest energies shown here the discrepancies must be regarded serious. At even lower energies there is little or no correlation between experimental and theoretical curves, as shown by SCHONFELDER 4 on the basis of the measurements by DEICHSEL et al. 9 .
The results show that the theories which assume the scattering to take place in the static potential of the atom are no longer reliable at the lower energies considered here, although their range of validity extends to energies which are by an order of magnitude lower than earlier expected 4 . Exchange and correlation effects due to electron spin and charge polarization of the atomic electron cloud probably are the cause of these discrepancies. Recently YATES and STRAND 10 calculated differential cross sections for argon, krypton, and iodine considering also exchange between incident and atomic electron. Comparison of their results for argon with the differential cross sections measured by MEHR 11 down to 20 eV showed at energies below 40 eV a strong sensitivity of the cross sections to the exchange interaction.
The large discrepancies at low energies demonstrate that it would be important to have theoretical calculations which include the effects so far neglected (like exchange, charge polarization, correlation), particularly since experimental data are now available which can be used for comparison. 
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